The electromagnetic field that generated by line current and sheet current at the surface of the earth can be expressed in analytical form. The line current created at the earth's surface by an infinitely long line current is given by the inverse Fourier integrals over a horizontal wave number. The sheet current can be obtained by integrating the line current expansions using a Neumann and Struve functions; these functions have known mathematical properties, including the series expansions. The series expansions are exact with neglecting the displacement currents. Assuming a uniform earth and that there is no propagation, the three nonzero field components can be expressed in terms of the Neumann and Struve functions. The integrals of line current expansions are calculated by using the numerical methods. The results represented graphically and illustrated by figures. Results can be used to evaluate numerical solutions of more complicated modeling algorithms.
Introduction
In the last few decades, there has been increased interest in the behavior of electromagnetic systems which are operated near a conducting earth. Many of these systems have been successfully used to measure the electromagnetic properties of the earth. That is, if the field of a transmitting source can be calculated in terms of idealized earth models, then measurements of actual fields near a real earth can be interpreted in terms of these
Line Current Model
In the Cartesian coordinate system (x, y, z), we assume that the earth's surface is the xy plane, and the line current J flows is parallel to the y-axis at a height z = −d. The line current oscillating harmonically in time ( ) exp i t ω above a uniform half-space. The earth, characterized by a conductivity σ, a permittivity  , a permeability μ, and a propagation constant K, where
A model containing an infinitely long line current parallel to the surface between two half-spaces is frequently used in electromagnetic applications extending from geophysics. The medium in which the line current lies is nonconducting (the air), and the other half-space is conducting (the earth). The line current flows parallel to the y-axis at a height Z = -d. Neglecting displacement current effects, and assuming that o µ is the vacuum permeability, then the propagation constant ᶄ of the earth is defined by
The magnetic field has only the magnetic field component y H , and the non-zero electric field components are z E and x E , now we shall give the expressions for the electromagnetic field as [22] ( ) ( )
R is the reflection coefficient at the earth's surface is depending on the conductivity structure of the earth, and is given by,
and J gives the magnitude of the line current oscillating harmonically in time e i t ω . To get the electric and magnetic fields at the earth's surface, then from Equations (3)- (5) we get,
The components of the electric fields are expressed in terms of Y H through the relations
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J u has the series expansion ( )
where m g is given by [21] ( ) 
and m C is defined by ( )
The gamma function Г satisfies,
The expansions of the Neumann and Struve functions Equation (13) and (14) with (16) may now be substituted into (12) to obtain a series representation for the magnetic field y H , which is straight forward algebra. It appears that the terms resulting from the function on the right-hand side of (13) exactly cancels the last term in (12) , and the final series expansion can be written as
where
and
By applying the series expression of y H in (10) and (11) the series expansions of the components of the electric fields z E and x E are obtained in a straightforward manner as 
Sheet Current Model
To determine the electromagnetic field created by the sheet current source at the surface, a sheet current can be lies in non-conducting (the air), and the other half-space is conducting (the earth). The sheet current having a finite width implies a more realistic model. It can be obtained by integrating the line current expansions using Neumann and Struve functions. We now consider an infinitely long sheet current on surface of the Earth. Let 
Applying [ (7)- (9)] for each line current
lying at x x′ = , the following formulas are obtained for the electric and magnetic fields at the Earth's surface at a location determined by x can be written in the form
The electric field by (28) and (29) is expressible in terms of the magnetic field (28)
Rewriting (20) 
where ( )
and ( )
where u K is the equivalent propagation constant and defined as
and if we assume that the wave number , u K λ  then the plane wave surface impedance can be writ ten as
Let us define the functions
We know that 
A straightforward algebraic manipulation now allows for expressing (32) as 
and ( ) 
where 
where ( ) ( ) 
and ( ) ( ) 
Numerical Results
Numerical computation of the electromagnetic field that generated by line current and sheet current at the surface of the earth can be easily performed, based on the Equations [ (12), (24) and (25) For line current, Figures 1(a)-(d) represent the imaginary part of magnetic field component y H , Figures  1(e)-(h) describe the real and imaginary part of electric field components z E , and x E , at the periods 10 s, 50 s, 100 s, and 700 s, respectively.
For sheet current, Figures 2(a)-(d) represent the imaginary part of magnetic field component y H , Figures  2(e)-(h) describe the real and imaginary part of electric field components z E , and x E , at the periods 10 s, 50 s, 100 s, and 700 s, respectively.
The magnetic and electric fields were treated as complex quantities, the real part of the right-hand side of Equations (3)- (19) is ignored. It is seen that the magnetic field component y H is dominated by the imaginary part, and the real part of the electric field components z E and x E are larger than the imaginary part. The results we obtained that with increasing in the period indicate to increase in the imaginary part of magnetic field component y H , and with increasing in period corresponding increasing in the values of the real and imaginary parts of the electric field components z E and x E . We compared the magnetic and electric fields at the surface of a uniform earth with those produced by line current and sheet current.
In the sheet current, the values of the imaginary part of the magnetic field component 
Conclusions
We conclude that the electromagnetic field at the earth's surface created by line current can be expressed in terms of the Neumann and Struve functions, and take the conductivity of the earth into consideration. The magnetic and electric fields were derived in new series expansions and computations. Also we present the magnetic and electric fields due to sheet current obtained by integrating the line current expansion. The results are represented graphically. We compared the results of the magnetic and electric fields values at the surface of a uniform earth with those produced by line current with sheet current.
